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Introduction
Appropriately functionalized ketene dithioacetals (cyano, methoxycarbonyl, sulfonyl, nitro, acyl) are versatile reagents that have been extensively utilized as building blocks in heterocyclic synthesis. 1 The sulfonyl ketene dithioacetals, 3,3bis(methylsulfanyl)-2-phenylsulfonyl-acrylonitriles (1a, b), are used as two-or three-carbon fragments for the synthesis of heterocyclic compounds having sulfonyl or cyano groups. These ketene dithioacetals are readily prepared by the condensation of phenylsulfonyl acetonitriles with carbon disulfide in the presence of sodium hydroxide, followed by methylation with dimethyl sulfate. 2 It has been reported that 4-imino-2-methylsulfanyl-4Hquinolizine derivatives are synthesized from the corresponding 2pyridylacetonitrile and ketene dithioacetals under basic conditions; some of these 4H-quinolizine derivatives exhibit fluorescence. 3 In general, one methylsulfanyl group in ketene dithioacetals having two methylsulfanyl groups is eliminated in the reaction, and consequently, the corresponding heterocycles in which one more methylsulfanyl group remains are obtained. In the synthesis of 4Hquinolizine derivatives, we found a novel reaction in which the remaining methylsulfanyl group of the quinolizine skeleton was replaced with a proton after the ring closure reaction in mild conditions. In this paper, we report the synthesis of 4-imino-4Hquinolizine derivatives by a novel synthesis method involving the use of a ketene dithioacetal and the fluorescent properties of these derivatives.
Results and Discussion
The reaction of 3,3-bis(methylsulfanyl)-2-(phenylsulfonyl)acrylonitrile (1a) 2 with 2-pyridylacetonitrile (2a) in the presence of potassium carbonate (base) in dimethyl sulfoxide (DMSO) at room temperature for 4 h afforded the expected product, 4-imino-2methylsulfanyl-3-phenylsulfonyl-4H-quinolizine-1-carbonitrile (3a), in 82% yield (Scheme 1). Compound 3a was presumed to be formed by the addition of a nucleophile to a ketene dithioacetal, elimination of a methylsufanyl group, and subsequent cyclization; further, 3a was readily converted to 4-imino-3-phenylsulfonyl-4Hquinolizine-1-carbonitrile (4a) by the elimination of a methylsulfanyl group in quantitative yield under reflux for 5 h in methanol (Scheme 2). When ammonia or aqueous NaOH solution was substituted for methanol, desired product was not obtained. Compounds 3b and 4b were also prepared from 1b and 2a, respectively, in a manner similar to that described for the preparation of 3a and 4a. In the methylsulfanyl group in compounds 3a, b, there is a strong interaction between the sulfur of the methylsulfanyl group and an oxygen in the sulfonyl group. 4 The methylsulfanyl groups in compounds 3a, b are readily attacked by nucleophilic molecules such as water or methanol, and protonation at the 2-position of compound 3 occurred to produce 4a, b in good yields. When compound 1a was allowed to react with methyl 2pyridylacetate (2b) under reaction conditions identical to those in the preparation of 3a, methyl 4-imino-3-phenylsulfonyl-4Hquinolizine-1-carboxlate (4c) was obtained from the basic solution.
Compound 4c exhibited absorption bands in the infrared spectrum at 3336 cm -1 and 1702 cm -1 due to the imino and carbonyl groups, respectively, and no absorption band due to the cyano group. In this case, 4-imino-2-methylsulfonyl-4H-quinolizine derivatives such as 3a, b were not obtained in any reaction mixture. In the 1 H NMR spectra, a signal for the proton could be assigned to the C-2 proton at 8.86 ppm rather than to the methylsulfanyl group. We synthesized 4d-f in a similar manner from the corresponding sulfonyl ketene dithioacetals (1a, b) and 2-pyridylacetates (2b, c) (Table 1) . The vital part of this reaction is the displacement of the methylsulfanyl group at the 2-position by a proton after the ring closure reaction in the quinolizine skeleton. A part of the pyridine ring in the quinolizine skeleton becomes electron-deficient due to electron-withdrawing groups (e.g., cyano, sulfonyl, and imino groups), and a sulfur atom of the methylsulfanyl group becomes electron-deficient due to strong interaction between the sulfur atom of the methylsulfanyl group and an oxygen atom of the sulfonyl group. 5 The calculation of atomic partial charges by AM1 method of MOPAC supported the hypothesis that the intramolecular interaction between the sulfur atom of the methylsulfanyl group and an oxygen atom of the neighboring sulfonyl group causes the electron-deficiency of the sulfur atom. 6 S-O interaction and the electron-deficient effect in the pyridine ring enables nucleophilic attack of water or methanol anions on the sulfur atom in the methylsulfanyl group. The "de-methylsulfanyl reaction" is easily initiated if the cyano group at the 1-position on the quinolizine ring is changed to a methyl or an ethyl ester group. In this case, when the reaction mixture was poured into water, the de-methylsulfanyl products were directly obtained from the alkali solution. An interaction effect between the oxygen atom of the carbonyl group of an ester and a sulfur atom of the methylsulfanyl group was produced in these reactions, but the reaction yield did not exceed 50%.
After removing pure product 4c, the filtrate was acidified with 10% hydrogen chloride solution to afford red crystals in 48% yield. The 1 H-NMR spectrum of this product exhibited signals corresponding to the hydrogen bonding between the NH group and an ester carbonyl group at 14.20 ppm and methyl protons of the methylsulfanyl group at 2.14 ppm and methyl protons of the tolyl group at 3.39 and 3.51 ppm (ratio 1:1). The 1 H-NMR measurement revealed that the products were a mixture of the non-closed compounds 5a and 6a. After the purification of crude products, this product was identified as 2Z, 3E methyl 4-cyano-3-methylsulfanyl-4-phenylsulfonyl-2-(1H-pyrid-2-ylidene)butenoate on the basis of spectral (IR, UV, NMR, mass) and elemental analysis. Compounds 5b-d or 6b-d were also synthesized from 1a, b and 2b, c in a similar manner to 5a, 6a ( Table 2) . The x-ray analysis of 5b conclusively established that the structure of this compound is as shown in Figure 1 . These products were not converted to quinolizine derivatives under basic or acidic reaction conditions in DMSO. 9 There remains an interest in the fluorescence of compounds with a quinolizine skeleton. The fluorescence of synthesized 4-imino-3-phenylsulfonyl-4Hquinolizine derivatives in the solid state is of great interest to our research group. The UV-vis absorption and fluorescence emission data of 3a, b and 4a-f were analyzed in solution (dichloromethane) and solid states, respectively, at room temperature ( Table 3 ). The spectroscopic properties-absorption maxima (λmax), molar absorptivities (ε), fluorescence maxima (Em max), and relative fluorescent intensities (RI)-are listed in Table 3 . The Em max of 3a, b and 4a-f were in the range 507-522 nm in dichloromethane and 528-564 nm in the solid states. With regard to Em max, the obvious substitution effects at the 1-or 2-position of the 4H-quinolizine ring were not observed. On the other hand, the RIs of 4a, b were slightly stronger than those of 3a, b in dichloromethane and solid states, indicating that desulfurization at the 2-position of the 4H-quinolizine influenced the RI. Compounds 4c-f exhibited strong fluorescence in the solid states; in particular, 4c-e emitted stronger fluorescence than Alq 3. This suggests that the ester groups at the 1-position have a significant effect on the fluorescent intensity. In dichloromethane solutions of 4c-f, the obvious substitution effects on the RI were not observed. Compounds 3a, b and 4a-f exhibited significantly larger Stokes' shifts (SS) in dichloromethane, indicating that the S 1 states of these compounds were stabilized by a solvent polarization field. The F value, which is the difference between the Em values in the solid and solution states, varied from 17 nm to 44 nm in all compounds. The crystal structure of compounds 4a, 4c were determined by X-ray crystallographic analysis. Single crystals of 4a, 4c were obtained by the recrystallized from MeOH and acetonitrile. The crystal analysis of 4a, 4c as shown in Figure 2 and 3 suggests that the π-π stacking interactions of aromatic rings is not existence. In these 4H-quinolizine derivatives, the packing sturcture dose not affect the solid state fluorescence. 
Conclusions
The reaction of 3,3-bis(methylsulfanyl)-2-phenylsulfonylacrylonitriles (1a, b) with 2-pyridiylacetonitrile (2a) in the presence of potassium carbonate as a base in DMSO afforded 4imino-2-methylsulfanyl-3-phenylsulfonyl-4H-quinolizine-1carbonitriles (3a, b). A methylsulfanyl group at the 2-position on 4H-quinolizine-1-carbonitriles was readily removed under methanol reflux conditions to afford 4-imino-3-phenylsulfonyl-4Hquinolizine-1-carbonitriles (4a, b) in good yields. Alkyl 3phenylsulfonyl-4H-quinolizine-1-carboxylates (4c-f) were directly synthesized from sulfonyl ketene dithioacetal (1a, b) with alkyl 2pyridylacetates (2b, c), without carrying out desulfurization involving the use of any metallic reagents. The synthesized 4imino-3-phenylsulfonyl-4H-quinolizine derivatives exhibited strong fluorescence in solid states, suggesting that it is possible to obtain a design for enhancing fluorescence intensity without changing their fluorescence wavelength.
Experimental Section
General Procedures. Identifications of compounds and measurements of properties were carried out by general procedures using the following equipment. Melting points were determined in a capillary tube and were uncorrected. IR spectra were recorded in potassium bromide pellets on a JASCO 810 or Shimazu IR-460 spectrometer. UV absorption spectra were determined in 95% ethanol on a Hitachi 323 spectrometer. Fluorescence spectra were determined on Shimazu RF-5300pc. NMR spectra were obtained on Gemini 300NMR (300 MHz) and Varian Unityplus 500NMR (500 MHz) spectrometers using tetramethylsilane as the internal standard. Mass spectra (MS) were recorded on JEOL-DX-303 mass spectrometers. Microanalyses were performed by K.Yoshida on a Perkin Elmer at Nagasaki University. All compounds were reagent grade and used without further purification unless otherwise specified.
Method of Measurement of Fluorescence. a) In the solid state: A powder sample of subject compound is heaped in a tray. After covering the sample with a quartz plate, this part was fixed in fluorescence spectrometer. After fixing the fluorescent wavelength, the excitation spectrum was determined by the scanning with the fluorescent wavelength. Similarly, Fluorescent spectrum was obtained after scanning with the excitation wavelength. After obtaining these results, the excitation wavelength was decided and the fluorescence spectrum measured. The fluorescent relative intensity was determined using Alq 3 as the standard. 10 Fluorescence of Alq 3 and test compounds was measured at an excitation wavelength of 345 nm. b) In solution: The fluorescence spectra in solution were obtained in a manner similar to that described for the measurement in the solid states. Relative intensity of fluorescence in solution was determined by using DCM: [4-(dicyanomehylene)-2-methyl-6-(4dimethylaminostyryl)-4H-pyran] as a standard compound. 11 Fluorescence of standard sample and all subject compounds were measured in CH 2 Cl 2 solution (1.0x10 -5 M) on 480 nm excitation.
4-Imino-2-methylsulfanyl-3-phenylsulfonyl-4H-quinolizine-1carbonitrile (3a)
A mixture of 2.53 g (10.0 mmoles) of 1a, 1.77 g (10.0 mmoles) of 2-pyridylacetonitrile (2a), and 3.44 g (20.0 mmoles) of potassium carbonate in 30 mL of DMSO was stirred for 2 h at rt. This mixture was stirred and heated for 30 min at 50-60°C. The reaction mixture was poured into 200 mL of ice-water and acidified with 10% hydrochloric acid. The precipitate that appeared was collected by filtration, washed with water, and recrystallized from a mixture of MeOH and toluene (ratio 1:5) to give 2. 
4-Imino-2-methylsulfanyl-3-tolylsulfonyl-4H-quinolizine-1-carbonitrile (3b)
This compound (1.31 g, 4.1 mmoles) was prepared in 81% yield from 1.44 g (5.0 mmoles) of 1b and 0.62 g (5.0 mmoles) of 2a in a manner similar to that described for the synthesis of 3a. An 
4-Imino-3-phenylsulfonyl-4H-quinolizine-1-carbonitrile (4a)

4-Imino-3-tolylsulfonyl-4H-quinolizine-1-carbonitrile (4b)
This compound (0.32 g, 1.0 mmoles) was prepared in 100% yield from 0.37 g (1.0 mmoles) of 3b in a manner similar to that described for the synthesis of 
Reaction of 1a with 2b
A mixture of 2.53 g (10.0 mmoles) of 1a, 1.77 g (10.0 mmoles) of methyl 2pyridylacetate (2b), and 3.44 g (20.0 mmoles) of potassium carbonate in 30 mL of DMSO was stirred for 2 h at rt. This mixture was stirred and heated for 30 min at 50-60°. The reaction mixture was poured into 200 mL of icewater. The precipitate that appeared was collected by filtration, washed with water, and recrystallized from a mixture of MeOH and toluene (ratio 5:1) to give 1.61 g (4.7 mmoles, 47% yield) of yellow crystals (4c). This filtrate was acidified with 10% hydrochloric chloride solution to give the red brown caramel oil which was crystallized by treatment with MeOH. The crystallized products were collected by filtration to give 1.71 g (4.4 mmoles, 44% yield) of red crystals (5a, 6a) . 
Reaction of 1b with 2b
Compound 4d (0.83 g, 2.1 mmoles) was synthesized in 41% yield from 2b (1.51 g, 10.0 mmoles) and 1b (1.98 g, 5.0 mmoles) in a manner similar to that described for the preparation of 4c. An analytical sample was recrystallized from MeOH to give yellow needles. 5b, 6b (0.39 g, 1.0 mmoles) was synthesized in 19% yield in manner similar to that described for the preparation of 5a, 6a. An analytical sample was recrystallized from MeOH to give red crystals. 
Reaction of 1a with 2c
Compound 4e (0.33 g, 0.9 mmoles) was synthesized in 46% yield from 2c (0.33 g, 2.0 mmoles) and 1a (0.86 g, 3.0 mmoles) in a manner similar to that described for the preparation of 4c. An analytical sample was recrystallized from EtOH to give yellow needles. 5c, 6c (0.35 g, 0.9 mmoles) was synthesized in 44% yield in manner similar to that described for the preparation of 5a, 6a. An analytical sample was recrystallized from MeOH to give red crystals. 
Reaction of 1b with 2c
Compound 4f (0.89 g, 2.4 mmoles) was synthesized in 48% yield from 2c (1.65 g, 10.0 mmoles) and 1b (1.44 g, 5.0 mmol) in a manner similar to that described for the preparation of 4c. An analytical sample was recrystallized from EtOH to give yellow needles. 5d, 6d (0.92 g, 2.2 mmoles) was synthesized in 44% yield in manner similar to that described for the preparation of 5a, 6a. An analytical sample was recrystallized from MeOH to give red crystals. Ethyl 4-imino-3-tolylsulfonyl-4H-quinolizine- 
Crystal Data of 4-Imino-3-phenylsulfonyl-4H-quinolizine-1-carbonitrile (4a)
This crystal was obtained by the recrystallized from MeOH and acetonitrile (ratio 1:1) to give an orange prisms crystal of C 16 H 11 N 3 0 2 S having approximate dimension of 0.50x0.40x0.15 mm was mounted on a glass fiber. All measurements were made on a Rigaku Mercuryarea detector with graphite monochromated Mo-Kα radiation. A crystal data formula weight: 309.34; Crystal color habit: orange, prisms; Crystal system: triclinic; Lattice type: primitive; Lattice parameter: a=5.9847(10) Å, b=8.3812(14) Å, c=14.2469(15) Å, β=80.363(15)°, V=703.50(18) Å 3 ; Space group: P-1 (#2); Z value: 2; Dcalc : 1.460 g/cm 3 ; F 000 =320.00; μ(MoKα)=2.406 cm -1 .
Crystal Data of Methyl 4-imino-3-phenylsulfonyl-4H-quinolizine-1carboxylate (4c)
This crystal was obtained by the recrystallized from MeOH and acetonitrile (ratio 1:1) to give an yellow prisms crystal of C 17 H 14 N 2 0 4 S having approximate dimension of 0.40x0.30x0.20 mm was mounted on a glass fiber. All measurements were made on a Rigaku Mercuryarea detector with graphite monochromated Mo-Kα radiation. A crystal data formula weight: 342.37; Crystal color habit: yellow, prisms; Crystal system: triclinic; Lattice type: primitive; Lattice parameter: a=7.4827(10) Å, b=10.6167(10) Å, c=11.1355(10) Å, β=74.953(8)°, V=781.977(13) Å 3 ; Space group: P-1 (#2); Z value: 2; Dcalc : 1.454 g/cm 3 ; F 000 =356.00; μ(MoKα)=2.314 cm -1 .
Crystal Data of 2Z,3E Methyl 4-cyano-3-methylsulfanyl-4-tolylsulfonyl-2-(1H-pyrid-2-ylidene)butenoate (5b)
This crystal was obtained by the recrystallized from MeOH to give an orange prisms crystal of C 19 H 18 N 2 0 4 S 2 having approximate dimension of 0.40x0.20x0.20 mm was mounted on a glass fiber. All measurements were made on a Rigaku Mercuryarea detector with graphite monochromated Mo-Kα radiation. A crystal data formula weight: 402.48; Crystal color habit: orange, prisms; Crystal system: monoclinic; Lattice type: primitive; Lattice parameter: a=10.3450(5) Å, b=11.8475(5) Å, c=16.1782(10) Å, β=101.7174(10)°, V=1941.52(17) Å 3 ; Space group: P2 1 /n(#14); Z value: 4; Dcalc : 1.377 g/cm 3 ; F 000 =840.00; μ(MoKα)=3.012 cm -1 .
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